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Abst rac t - -The  purpose of this study was to obtain a performable tool based on generalized 
stochastic Petri nets (GSPN), able to join precise results and fast approach. In practice, it is well 
known that a dependability analysis in the power systems field is often more difficult to perform due 
to the multiple dependencies on the specific maintenance policies, on the great number of operation 
conditions, and the possibility to consider overall distributions (nonexponential) of the operation 
periods of t ime and the maintenance activities duration. Under these circumstances, the usage of 
conventional methods of analysis is limited in what the most precise modelling of all the system 
characteristics are concerned. This study managed by SNN (National Company--"NuclearElectr ica" 
S.A.) in cooperation with the "POLITEHNICA" of Bucharest analyzes and compares different con- 
figurations for the medium voltage (10.5 and 6.3 kV) distribution systems (MVDS). It has a practical 
connotation (SNN application for Cernavoda NNP) and compares four proposed MVDS configu- 
rations for the main auxiliary services. After description and implementation through GSPN, each 
configuration has been evaluated, in order to choose the most appropriate structure. C) 2006 Elsevier 
Ltd. All rights reserved. 
Keywords - -Power  system, Petri net, IVlonte-Car]o simulation, Dependability. 
1. INTRODUCTION 
The need for reliable power to the nuclear plant auxiliaries results in best design and employment 
of alternate sources of power. The main one-line diagrams for MVDS (10.5 and 6.3 kV) in an NPP 
must comply with the specific requirements, and must provide accurate dependability indices~ 
both in the cases of "normal power" and "on-site power" [1]. The source of the normal power 
can be either the off-site grid or the on-site main turbine generator. On-site sources power 
(diesel generators) are dedicated to restore power promptly to designated essential systems when 
a loss of Class IV power occurs, when Class IV power availability is threatened, and when power 
to equipment is needed to maintain the reactor in a safe condition during a extended loss of 
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Class IV power. The main contribution of this paper lies in the dependability modeling of 
MDVS in order to assess its reliability and safety indices and to choose the best design main 
diagram. The modeling of the reliability of power systems is already a classical issue [2] as 
the reliability analysis is a compulsory request, and the modeling techniques are characterized 
by advanced performances. The actual concerns are mostly related to the efficient algorithms 
field, respectively, to the time consuming and the accuracy of the methods used. Mainly, the 
requirements of the reliability assessment approach are dealing with: 
9 the dynamics following an initiating design basis event, and 
9 the need to consider some important deterministic influences related to the operation 
planning and maintenance policies. 
2. DESCRIPT ION OF THE MEDIUM 
VOLTAGE D ISTR IBUT ION SYSTEM (MVDS) 
The MVDS shall provide electrical power to the process, control, and instrumentation, and 
lighting loads throughout the NPP. To meet nuclear safety requirements for reliability of opera- 
tion, two 100% redundant power distribution systems hall be provided for nuclear safety related 
loads. These shall be known as ODD and EVEN load groups. The preferred sources of power 
to the MVDS shall be the off-site network during start-up and shutdown conditions, and during 
normal operation it shall be either the main turbine generator (G) or the off-site network, shared 
on a 50/50 basis. 
2.1 .  Ma in  One L ine  D iagram Descr ip t ion  
In Figure 1 the components involved in this analysis are shown. Figures 2-4 propose three 
alternative solutions for the main one-line MDVS diagram. As it is presented, the MDVS design 
philosophy is following the class structure, namely the Classes IV and III. 
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Figure 1. Main one-line diagram MVDS 4B. 
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Figure 2. Main one-line diagram MVDS 4B-B. 
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Figure 3. Main one-line diagram MVDS 2B. 
C lass IV.  Power  D is t r ibut ion  Sys tems 
Class IV is an a.c. power supply system which has no backup from on-site sources. The Class IV 
distribution system will obtain its power directly from either the unit and/or service transformers. 
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Figure 4. Main one-line diagram MVDS 2B-B. 
Power is distributed at the 10.5 kV and 6.3 kV-medium voltage--and 0.38 kV. Class IV system 
components are grouped in ODD and EVEN load groups. The 10.5kV and 6.3kV systems 
of Class IV are supplied by double secondary winding of each service/unit transformer. Each 
service/unit transformer is sized for the total load of the relevant ODD or EVEN system. Fast 
voltage transfer schemes (FVT) will be provided to obtain power from either the generator unit 
service transformer or the station service transformer and vice versa of the same ODD or EVEN 
system. 
Class I I I .  Power  D is t r ibut ion  Systems 
The Class III distribution system will normally obtain power from the Class IV system on a 
redundant (ODD/EVEN) basis. It has also additional power systems, provided by two 100% 
standby diesel generators units (DGU). One or two standby generators are connected to ODD 
load group and one or two to the EVEN load group. The reliability study concerns a comparative 
analysis related to the proposed main one-line diagrams (depicted in Figures 1-4) considering 
only the off-site sources of power. The on-site source of power (i.e., two DG for backup supplies 
to Class III power system, three batteries for 48V d.c. Class I, and three batteries for 220V 
d.c. Class I) are not included in our comparative analysis, having the same impact in all MVDS 
diagrams proposed in the above-mentioned figures. Connected to the Class III power system are 
safety related loads and equipment protection loads which can tolerate the interruptions necessary 
when transferring from the preferred source (Class IV) to the alternate source (DGU). Class III 
loads, being duplicated, are connected in order that 100% load can be supplied by either on 
ODD or EVEN bus. The main on line diagrams codes 4B and 4B-B depicted in Figures 1 and 2, 
respectively, is based on four bus bars 6.3 kV Class IV. The main one-line diagram codes 2B 
and 2B-B depicted in Figures 3 and 4, respectively, are based on two bus bars 6.3 kV Class IV. 
The MDVS Petri net is based on generalized stochastic Petri net (GSPN) [3,4] class and it is 
structured in two parts. The first part contained several GSPN subnets formed by two timed 
(stochastic) transitions, two or four immediate transitions a d several regular arcs. There is such 
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GSPN subnet  for every component  of MDVS (bus bars,  t rans formers ,  or c i rcuit  breakers) .  Th is  
second par t  of the  GSPN net  is used to s imulate  the  evo lut ion  of all MDVS components  th rough 
possible states,  inc lud ing commutat ions  of c i rcuit  breakers.  The  GSPN subnets  cor respond ing  to 
circuit  breaker  and  to a bus bar  or t rans former  are based on the  models  g iven in [5]. 
The  avai lable s tates  for a c ircuit  breaker  are: c ircuit  breaker  in closed posi t ion,  c i rcuit  breaker  
in open posit ion,  and  c ircuit  breaker  in repa i r ing  state,  after  a act ive fai lure or a fai lure to tr ip. 
The  avai lable s ta tes  for a bus / t rans former  are: bus / t rans former  in operat iona l  state,  bus / t rans -  
former in passive state,  fol lowing a fai lure of a ne ighbor ing  component ,  and  bus / t rans former  
in repa i r ing  state.  In both  cases, the  immediate  t rans i t ions  are cond i t ioned  by the  s ta te  of 
ne ighbor ing  components .  
Table 1. Com 
Component Failure Mode 
10.5 kV bus Active failure 
6.3 kV buses Active failure 
Circuit breakers 
Transformers 
Active failure 
Failure to trip 
Active failure 
1 Deterministic values. 
)onent reliability indices. 
A [1/year] q Repair Time [hours] 1
0.02 96 
0.02 72 
0.005 72 
0.01 
0.02 960 
'Fable 2. Implementing the MDVS dependences through the GSPN (example for 
main one-line diagram code 2BB). 
(Transition Firing) [ Condition (Transition Enabled) Event 
Transformer T05 
Transformer T05 goes from "operational (#RI I= I )  OR (#RI3=1) OR 
state" to "passive state" (#RI5=1) OR (#1=iS=l) 
Transformer T05 goes from "passive (#RI I=0)  AND (#RI3=0) AND 
state" to "operational state" (#RI5=0) AND (#RS=0)  
Bus Bar BUA 
Bus bar BUA goes from "operational (#RI I= I )  OR (#R12=l)  
state" to "passive state" 
Bus bar BUA goes from "passive (#RI I=0)  AND (#RI2=0) 
state" to "operational state" 
Circuit Breaker I1 
Circuit breaker I1 is closing (#DI2=I )  AND (#FT05=I)  AND (#FBUA=I )  
Circuit breaker I1 is failing to close (#DI2=I)  AND (#FT05=I)  AND (#FBUA=I )  
Circuit breaker I1 is opening (~II2=1) OR (#FT05=0) OR (#FBUA=0) 
Circuit breaker I1 is failing to open (7~II2=1) OR (~FT05=0) OR (#FBUA=0)  
Legend: 
#P- -number  of tokens in the place named "P" 
Places: DCB--open position for the circuit breaker "CB"; 
ICB~losed  position for circuit breaker "CB"; 
RCB--repair action for the circuit breaker "CB"; 
FBUA--passive state for bus bar BUA; 
RS--restoration process following a failure into the off-site grid. 
Devices: I i~ i rcu i t  breaker I1; 
I2--circuit breaker I2; 
S-mff-site grid; 
BUA--bus bar 6.3 kV BUA; 
T05--transformer T05. 
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3. REFERENCE OPERATING CONDIT IONS 
FOR REL IAB IL ITY  ANALYS IS  
The reference condition assumed for this reliability analysis is the full load operation because 
this is the normal operating condition. Furthermore, it has been assumed that the ODD Class IV 
buses are supplied by the 24 kV system (G) and the EVEN Class IV buses by the 110 kV system. 
The failure modes of the components and the reliability data used in this analysis are presented 
in Table 1. 
The MDVS dependencies are being implemented through the GSPN. Such kinds of examples 
for a transformer, a bus bar, and circuit breaker are presented in Table 2. 
In order to check the reliability performances of MDVS, one specific scenario is considered, 
namely: only on-site power source from main turbine generator, during 12 hours unavailability 
off-site grid. 
F igures 5 and 6 show in this case the unrel iabi l i ty funct ion R(t)  and the  unavai labi l i ty A(t) of 
BUH bus bar as a funct ion of t ime. 
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Figure 5. Unreliability for the bus bar BUH. 
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Figure 6. Unavailability for the bus bar BUH. 
4. CONCLUSIONS 
The main goal of this paper was to use the Petri nets formalism in order to model the safety 
of MDVS for a nuclear power plant. The Petri model allowed a better modelisation of the 
system components' dependencies due to the action of protections and especially the dynamic 
modelisation of the system. The given model has been evaluated using a computer code developed 
at the Reliability Department, Faculty of Power Engineering, University POLITEHNICA of 
Bucharest [5]. 
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